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Abstract:  The 2D Turbo Prop wing is part of the European Clean Sky JTI GRA Low Noise 
programme. For this, the model is equipped with interchangeable T.E. noise reducing systems. 
The scope of the tests in the INCAS Subsonic wind tunnel is to investigate and compare the 
aerodynamic and aero acoustic performances of a series of different T.E. High Lift Devices noise 
reducing systems of the “Turbo Prop wing configuration”. For this, the distribution of the pressure at 
the surface of the model should be determined. The measurement of the pressure is classically made 
through orifices of small size connected to a common transducer via a tubing system and a scanning 
device. The aerodynamic forces and moments are obtained by integration of the pressure and shear 
stress distributions. The wing span of the model is equal to the width of the test section. 
Due to the large wing span B = 2500 mm and the testing speed V = 90 m/s, the aerodynamic 
forces and moments occurring on the model exceed more than two times the measuring capacity of the 
TEM external balance of the INCAS Subsonic wind tunnel. This imposes attaching the model to 
supports situated outside the wind tunnel. 
Key Words: wind tunnel testing, test section 
1. INTRODUCTION 
The wind tunnel test campaign is aimed at providing aero acoustic characterization of the 
Turbo Prop wing equipped with T.E. HLD noise reducing systems, adequately instrumented. 
Unsteady “wall” pressure measurements on the model at prescribed sensor locations will be 
carried out. Aerodynamic measurements will be performed as well. Flap gap and overlap 
optimization will be evaluated. 
Different model configuration will be tested, each one with a different HLD. 
The runs shall be performed at velocities closer to V1 = 50,7m/s and V2 = 90m/s and at 
angles of attack ranging between -10° ÷ +10°. Tests at different angles of attack will be 
performed in “step by step” mode, at the V1 and V2 fixed velocities. 
Flow visualization (tufts, oil, smoke) are required for some of the test to have 
information on the flow field on the model. Steady pressure distribution on the model surface 
will be measured using pressure taps connected to a common transducer via a tubing system 
and a scanning device located inside the wing. 
2. DESCRIPTION OF THE MODEL 
The test campaign objective is to investigate and compare the aerodynamic characteristics of 
the different configurations to be tested, by evaluating the effects on the pressure 
distributions, lift curve, drag curve and pitch curves at different angles of attack.  
Tests will be performed at selected fixed α value. 
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The aerodynamic forces will be determined by two measurement methods: 
a) The first measurement method is directly with the balance, but only for the incidence 
conditions compatible with the maximum balance load capacity; the wing is installed on the 
dedicated TEM external balance interface pylons. To this purpose the model is provided with 
clamping plates for mounting on the front pylons of the balance, which are located at ± 550 
mm distance from the plane of symmetry of the model, and with a bayonet for mounting on 
the rear pylon of the balance. The clamping plates are located on the lower surface of the 
model. The distance between axes of front and rear pylons of the balance is 434 mm. There 
is also the possibility of installing the wing with the lower surface up. To this purpose, it also 
provided with clamping plates for mounting on the front pylons of the balance located on the 
upper surface of the wing. 
b) The second method is indirect through pressure measurements by using taps and a 
wake rake. CN and Cm can be derived by integrating the pressure distributions on the model. 
CA can be derived by integrating the wake pressure drop measured by the wake rake. 
Since the aerodynamic forces and moments estimated to occur on the 2D TURBO 
PROP wing model during experiments at high speeds and incidences, far exceed the 
measuring capacity of the TEM external balance of the INCAS Subsonic wind tunnel, it is 
necessary to support the model outside the experimental room on a metallic structure 
attached to the structure of the tunnel. For its attachment to the external support structure, the 
TURBO PROP model was equipped with two rotation shafts mounted on the wing tips. 
The external structure was presented in a previous paper - “Test rig adaptation for wt 
measurements for OR&TP configurations” [6]. The model will be “wall-to-wall” installed on 
the external steel structure which consists of two symmetrical removable assemblies, one on 
each side of the tunnel. Each of the two assemblies consists of two horizontal beams made of 
160 UNP profiles, and a vertical structure containing an internal frame that fits inside a 
rectangular plate of size 16x700x480 mm, on which the bearing housing and the plate 
component of the incidence mechanism are mounted. These bearing housings contain the 
unsealed self-aligning ball bearings with cylindrical bore, which allow the model to be 
rotated at the desired angles of incidence. The shaft at each tip of the model ends with a 
rectangular piece that attaches to the mobile indexing plate of the pitching mechanism. 
 
Fig. 1 The rotation axis at the wing tips 
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Figure 1 shows the left side shaft and also the clamping plate for mounting on the front 
left pylon of the balance. Note the stiffening piece at the left tip of the wing. 
The calculation to verify the wing shaft strength was done considering the maximum 
loads expected to occur on the model. The calculation is presented in [6]. The shafts are 
located at 25% of the wing chord and at 17.5 mm above the chord line. The outer diameter is 
60 mm and the inner diameter is 16 mm. They are made of 1.7784.6, a high strength 
hardened tempered steel with Rm=1800-2000 MPa. The model chord length is 500 mm. The 
model will be installed in horizontal position between the two test section side walls, 
resulting in a nominal model span of 2500 mm. The model has modular characteristics in 
order to allow tests with interchangeable Trailing Edge Parts. 
3. MODEL CONFIGURATIONS 
Here are nine configurations: 
1.  C0 - “clean” configuration in high lift speed condition 
 
Fig. 2 TP Wing – clean configuration  
2.  C1a – single-slotted flap configuration 
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Note the row of pressure taps on upper surface and the stiffening piece at the left tip of 
the wing. 
3.  C1b – single-slotted flap optimised configuration (different position of the flap) 
4.  C2 – single-slotted “liner” flap configuration. C2 is the same as C1 but the flap is 
manufactured as a micro-perforated composite sandwich structure 
 
Fig. 4 TP Wing with “liner” flap 
The “liner” flap is fixed in the same manner as the single slotted flap. Note holes in the 
left end of the cover. 
A magnified view is shown in Fig. 5. A view of the inside of the flap is shown in Fig. 6. 
 
Fig. 5 
The thickness of the cover at the lower surface of the flap is 1 mm. Porosity is between 
10%÷20%. 
Diameter of the holes in the cover should not exceed 0.4 mm. 
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Fig. 6 
The wall thickness on the upper surface of the “liner” flap and of the rib is 3 mm. 
5.  C30 – single-slotted flap configuration with side edge fence type “0” 
 
Fig. 7 Intermediate flap with side edge fence type “0” 
The conventional flap is made in three separate parts divided in span wise direction. 
Each part has to be removed independently to the other one. The intermediate flap has a span 
wise dimension of 0.1 m. Four different interchangeable intermediate flap parts were designed and 
built, namely - C30, C3a, C3b and C3c. 
6.  C3a -  single-slotted flap configuration with side edge fence type “a” 
 
Fig. 8 C3a configuration 
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7.  C3b - single-slotted flap configuration with side edge fence type “b” 
 
Fig. 9 Intermediate flap with side edge fence type “b” 
8.  C3c - single-slotted flap configuration with side edge fence type “c” 
 
Fig. 10 Intermediate flap with side edge fence type “c” 
Figures 7, 9 and 10 show only the intermediate flap of length L = 100 mm with side 
edge fence type “0”, “b” and “c”. All side fences with thickness of 1 mm are interchangeable 
and are mounted on the same intermediate flap made of two pieces: one 87 mm long and one 
12 mm long. 
  Note the pressure holes for the Kulite transducers located on the front face and the upper 
and lower surface of the intermediate flap. 
9.  C4 – single-slotted flap configuration with Synthetic Jet installed in the flap 
It uses the same left flap of length L = 1400 mm, properly processed. Location and 
shape box with synthetic jet actuators will be determined by ENAS Fraunhofer. 
The configurations 5÷8 will simulate the presence of a flap side edge fence located 
between the deflected flap and the “clean” rear wing. The C30 is a “reference” configuration 
simulating the clean condition (no fence) at the side edge between deflected flap and the rear 
clean wing. 
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The C4 configuration is obtained installing a “synthetic jet device” in the aft zone of the 
flap in order to simulate the presence of a the jet between the 20% and the 30% of the flap 
chord length. 
The performances of these configurations will be compared in terms of aerodynamic and 
aero-acoustic characteristics. 
4. MODEL MODULARISATION 
The model is made up by the following main parts: 
  Main section – from the L. E. to the 65% of the chord length; 
  Rear section – from the 65% to the T.E.; 
  The flap. 
All model parts have internal cavities in order to reduce the weight and to allow the 
installation of the required instrumentation. 
The main section of the wing has an inner longitudinal rib of 12 mm thickness, located 
at 25% of wing chord and three transverse ribs, one in the plane of symmetry and two at ± 
550 mm respectively from the plane of symmetry. The interior of the wing is machined to a 
thickness of the upper surface wall of 5mm, resulting in a weight of 35.2 kg. The wing on the 
lower surface is covered with three covers, one central and two on the left and right sides 
respectively. The Main section is the “core element” of the model. 
 
Fig. 11 Main section of the TP wing – exploded view  
The rear section and the flap are removable in order to test different T.E. configurations. 
For this, different sets of rear sections and flaps complete the model, each one reproducing a 
specific HLD noise reducing system: 
  The Rear section for reference single slotted flap configuration; it is made in two 
separate parts divided in spanwise direction, with dimensions of 1.5 m, 
respectively 1.0 m. Each part has to be removed independently to the other one. 
  The Rear section for model configurations with side edge fences; it has a 
spanwise dimension of 1.0 m and reproduces the rear section geometry of the 
clean airfoil (without flap). 
  The conventional flap; it is made in three separate parts divided in spanwise 
direction. Each part has to be removed independently to the other one. 
The first part has a spanwise dimension of 1.4 m. The intermediate part has a spanwise 
dimension of 0.1 m; it is installed on the first part; four different interchangeable 
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1.  the first will reproduce the reference flap shape; 
2.  the second will reproduce the flap shape with side edge fence type “a”; 
3.  the third will reproduce the flap shape with side edge fence type “b”; 
4.  the fourth will reproduce the flap shape with side edge fence type “c”. 
The last part has a spanwise dimension of 1.0 m. 
The “liner” flap has the same shape as the conventional one but is made as a 
honeycomb-filled sandwich structure. The composite structure is filled with a multi-layer 
honeycomb, each layer being separated by a square mesh woven in stainless steel with wire 
diameter of 0.1 mm. 
To perform tests for optimisation of flap gap and overlap on the C1b configuration, the 
brackets reproduce five possible flap hinge point positions and permit the change of the flap 
deflection angle and a moving backward up to 3% of the chord length, relevant to the 
“reference” flap nominal position. 
 
Fig. 12  The Turbo Prop wing assembly will be manufactured at ROMAERO Baneasa SA. 
5. FLAP LINER MODEL AND DESIGN PARAMETERS 
Since the noise generated by the trailing-edge of an airfoil is broadband in nature, a 2-DoF 
liner is more suitable for a linflap concept, resulting by simply adding a second layer of 
honeycomb separated by a porous septum to a single-layer sandwich with a solid backplate, 
a perforated face sheet and a honeycomb separator, as sketched in Fig.13.  
A 2-DoF treatment is effective on a wider frequency range. 
The liner thickness distribution corresponding to the optimal design is shown in Fig.13. 
 
Fig. 13 
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The optimal design parameters are : 
  liner septum cavity depth ratio between 5% ÷ 50% of chord length – ηA=10% 
  liner septum cavity depth ratio between 50% ÷ 90% of chord length – ηB=36,2% 
  holes diameter on perforated face sheet – d
F=up to 0,4 mm 
  holes diameter on porous septum – d
S=0,15 mm 
  thickness of the perforated face sheet – τ
F=1 mm 
  thickness of the porous septum – τ
S=0,4 mm 
The porous septum was designed as a square mesh woven in stainless steel typ 
≠120x120.004304TW. The thickness of the upper surface and of the inner rib of the linflap is 
3 mm. 
6. MODEL INSTRUMENTATION 
The project of the 2D model allows the installation of the following instrumentation : 
  steady pressure taps 
  aero acoustic sensors 
  inclinometer 
  electronic devices for synthetic jet 
6.1. PRESSURE DISTRIBUTIONS 
The pressure taps have a diameter of 0.4 mm and are located on same components of the 
model. They are made out of brass pipe with outer diameter D = 0.71 mm (0.028”) and inner 
diameter d = 0.4 mm. The pressure taps location are referred to a 0XYZ reference axis 
system, with the origin at the leading edge of the airfoil, X axis horizontal along model 
centerline, positive in the wind direction, Y axis normal to X in the span wise direction, Z 
axis normal to X and Y, positive following right –hand rule (positive up). 
A total of 99 pressure taps will be installed on the model, as follows: 
 • 29 distributed on the main wing section in a plane located at 110 mm from the 
symmetry plane of the wing 
  • 16 (8 upper and 8 lower) distributed span wise, in order to check the flow 
bidimensionality; the coordinates of the pressure taps are given in Tab.1. 
Tab.1 Pressure taps distribution on the main section 
Pressure 
taps no. 
X  
(mm) 
Y 
 mm) 
Z  
(mm) 
location Pressure 
taps no. 
X  
(mm) 
Y 
 mm) 
Z  
(mm) 
location 
1 0  110  0  Upper 
surface 
24 82.717  110  -18.384  Lower 
surface 
2 1.37  110  7.557  Upper 
surface 
25 47.746  110  -16.392  Lower 
surface 
3 5.463  110  14.824  Upper 
surface 
26 21.614  110  -12.524  Lower 
surface 
4 12.236  110  21.742  Upper 
surface 
27 12.236  110  -9.866  Lower 
surface 
5 21.614  110  28.189  Upper 
surface 
28 5.463  110  -6.81  Lower 
surface 
6 33.494  110  34.06  Upper 
surface 
29 1.37  110  -3.469  Lower 
surface 
7 47.746  110  39.301  Upper 
surface 
30 250  200  58.349  Upper 
surface 
8 64.214  110  43.899  Upper 
surface 
31 250  400  58.349  Upper 
surface Adrian DOBRE  138 
 
9 82.717  110  47.864  Upper 
surface 
32 250  -200  58.349  Upper 
surface 
10 103.05
4 
110 51.218  Upper 
surface 
33 250  -400  58.349  Upper 
surface 
11 125  110  53.978  Upper 
surface 
34 250  200  -16.706  Lower 
surface 
12 148.31
6 
110 56.148  Upper 
surface 
35 250  400  -16.706  Lower 
surface 
13 172.74
6 
110 57.714  Upper 
surface 
36 250  -200  -16.706  Lower 
surface 
14 198.02
2 
110 58.643  Upper 
surface 
37 250  -400  -16.706  Lower 
surface 
15 223.86
8 
110 58.878  Upper 
surface 
38 47.746  200  39.301  Upper 
surface 
16 250  110  58.349  Upper 
surface 
39 47.746  400  39.301  Upper 
surface 
17 276.13
2 
110 56.991  Upper 
surface 
40 47.746  -200  39.301  Upper 
surface 
18 301.97
8 
110 54.76  Upper 
surface 
41 47.746  -400  39.301  Upper 
surface 
19 301.97
8 
110 -14.645  Lower 
surface 
42 47.746  200  -16.392  Lower 
surface 
20 250  110  -16.706  Lower 
surface 
43 47.746  400  -16.392  Lower 
surface 
21 198.02
2 
110 -18.081  Lower 
surface 
44 47.746  -200  -16.392  Lower 
surface 
22 148.31
6 
110 -18.827  Lower 
surface 
45 47.746  -400  -16.392  Lower 
surface 
23 103.05
4 
110 -18.805  Lower 
surface 
  
 
Fig. 14 
Fig. 14 shows the no. 2 pressure tap mounted in the wing. A 2D section is represented in 
Fig.15. 
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Fig. 15 
  18 pressure taps on the rear section for clean configuration distributed in the same 
section as the main section of the wing, whose coordinates are given in Tab. 2. 
    Tab.2 Pressure taps distribution on the rear section  Tab.3 Pressure taps distribution on the rear section  
     for C0 configuration          with flap 
Pressure 
taps no. 
X  
(mm) 
Y 
 mm) 
Z  
(mm) 
location Pressure 
taps no. 
X  
(mm) 
Y 
 mm) 
Z  
(mm) 
location 
1 327.254  110  51.655  Upper 
surface 
1 327.254  110  51.655  Upper 
surface 
2 351.684  110  47.713  Upper 
surface 
2 351.684  110  47.713  Upper 
surface 
3 375  110  43.023  Upper 
surface 
3 375  110  43.023  Upper 
surface 
4 396.946  110  37.724  Upper 
surface 
4 396.946  110  37.724  Upper 
surface 
5 417.283  110  32.01  Upper 
surface 
5 417.283  110  32.01  Upper 
surface 
6 435.786  110  26.115  Upper 
surface 
6 435.786  110  26.115  Upper 
surface 
7 452.254  110  20.296  Upper 
surface 
7 417.283  110  27.074  Lower 
surface 
8 466.506  110  14.813  Upper 
surface 
8 396.946  110  26.836  Lower 
surface 
9 478.386  110  9.921  Upper 
surface 
9 375  110  22.745  Lower 
surface 
10 487.764  110  5.848 Upper 
surface 
10 351.684  110  8.758  Lower 
surface 
11 494.537  110  2.789 Upper 
surface 
11 348.254  110  -8.744  Lower 
surface 
12 494.537  110  -0.694  Lower 
surface 
12 327.254  110  -13.35  Lower 
surface 
13 487.764  110  -1.251  Lower 
surface 
14 478.386  110  -2.034  Lower 
surface 
15 466.506  110  -3.039  Lower 
surface 
16 435.786  110  -5.643  Lower 
surface 
17 396.946  110  -8.754  Lower 
surface 
18 351.684  110  -11.907  Lower 
surface 
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   Fig. 16 View of the pressure taps on BF C0                       Fig. 17 Section through pressure taps plane 
  12 pressure taps on the rear section for single slotted flap configuration distributed in 
the same section as the main section of the wing, whose coordinates are given in 
Tab. 3. 
     
Fig. 18 View from the upper surface of holes              Fig. 19 A 2D section through the plane of pressure taps 
                          for pressure taps 
  24 pressure taps on the flap distributed in the same section as the main section of the 
wing, whose coordinates are given in Tab. 4. 
Tab. 4 Pressure taps distribution on the flap 
Pressure taps no.  X (mm)  Y (mm)  Z (mm)  location 
1 413.967  110  1.457  Upper  surface 
2 419.454  110  6.616  Upper  surface 
3 426.984  110  9.078  Upper  surface 
4 436.334  110  8.89  Upper  surface 
5 447.239  110  6.272  Upper  surface 
6 459.306  110  1.46  Upper  surface 
7 471.982  110  -5.37  Upper  surface 
8 484.504  110  -14.231  Upper  surface 
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9 496.237  110  -24.861  Upper  surface 
10 506.949  110  -36.385  Upper  surface 
11 516.351  110  -48.036  Upper  surface 
12 524.084  110  -59.226  Upper  surface 
13 530.137  110  -68.986  Upper  surface 
14 534.573  110  -76.408  Upper  surface 
15 537.276  110  -81.051  Upper  surface 
16 532.294  110  -79.762  Lower  surface 
17 525.508  110  -75.799  Lower  surface 
18 505.423  110  -64.121  Lower  surface 
19 479.716  110  -49.179  Lower  surface 
20 452.907  110  -33.447  Lower  surface 
21 429.663  110  -19.598  Lower  surface 
22 420.665  110  -14.173  Lower  surface 
23 414.856  110  -8.773  Lower  surface 
24 412.9  110  -3.031  Lower  surface 
       
    Fig. 20 View of the pressure taps on the upper surface                     Fig. 21 Section through the plane of the  
  of  the  flap        pressure  taps 
Instrumentation of the model will be made at INCAS Bucharest. Pressure levels on the 
external surfaces of a model can be measured using the "Scanivalve" equipment installed 
inside the wing. 
It includes 3 modules of 48 pressure ports each: 44 of them are used for measurement 
and 4 for controlling the system. 
In this way up to 132 pressure points can be measured on the model in a short time and 
with high accuracy. 
The vinyl tubes of the pressure taps on the flaps will be introduced inside the wing 
through cutouts made in the trailing edge of  the wing. 
The rear section with flap equipped with side edge fence is instrumented with 50 high 
frequency response pressure transducers of the full bridge type (Kulite) located in the flap 
side-edge region. 
In particular: 
  28 transducers Kulite, XCS-062 type, distributed on each of the intermediate flap 
with side edge fence (10 upper side, 8 side-edge, 10 lower side); 
  22 high frequency response Kulite pressure transducers, LCS-047 type distributed on 
the trailing edge of the wing, disposed symmetrically about a section of the flaps 
where the XCS-062 transducers were installed. Their distribution will respect the 
requirements presented in Fig.15, p.29 of [3]. 
Coordinates of the 28 pressure taps are given in Tab.5. 
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Tab. 5 Distribution of the pressure taps for Kulite transducers 
Pressure taps no.  X (mm)  Y (mm)  Z (mm)  location 
1 424.941  246 8.722 Upper  surface 
2 437.066  246 8.780 Upper  surface 
3 447.411  246 6.216 Upper  surface 
4 478.788  246 -9.879 Upper  surface 
5 486.691  246 -16.042 Upper  surface 
6 494.169  246 -22.830 Upper  surface 
7 501.312  246 -30.112 Upper  surface 
8 520.97  246  -54.530 Upper  surface 
9 526.875  246 -63.675 Upper  surface 
10 532.591  246 -73.061 Upper  surface 
11 414.078  246  -7.282 Lower  surface 
12 421.247  246 -14.526 Lower  surface 
13 429.824  246 -19.695 Lower  surface 
14 459.965  246 -37.611 Lower  surface 
15 468.606  246 -42.686 Lower  surface 
16 477.258  246 -47.745 Lower  surface 
17 485.919  246 -52.792 Lower  surface 
18 511.925  246 -67.896 Lower  surface 
19 520.591  246 -72.934 Lower  surface 
20 529.250  246 -77.983 Lower  surface 
21 429.157  250  -2.873  Front  side 
22 438.618  250  -6.740  Front  side 
23 469.377  250 -23.745  Front  side 
24 477.648  250 -29.364  Front  side 
25 485.714  250 -35.288  Front  side 
26 493.616  250 -41.452  Front  side 
27 516.461  250 -61.213  Front  side 
28 523.733  250 -68.305  Front  side 
 
Fig. 22 Pressure taps distribution for Kulite transducers  
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7. CONCLUSIONS 
The model was designed in accordance with all requirements presented in [1] ÷ [5].  
The delivery of the model will be accompanied by all documents attesting the quality of 
execution (certificates of quality for materials, measurements sheets for wing, wing trailing 
edges, flaps, certificates for heat treatment, etc.). 
Model roughness will be Ra = 0.8 μm.  
General tolerances will be according to SR EN ISO 2768-95, fine tolerance class.  
All dimensions which determines the mutual position of component parts will be 
measured. They must be within the prescribed tolerances. 
Pair parts will be manufactured in assembled condition. Orientation holes for pair parts 
will be given as much as possible by correspondence. 
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